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Post-traumatic Stress Disorder (PTSD) is a mental disorder that can develop after a person is exposed to a stressful life event, that involved real or symbolic survive treat. It is characterized by an emotional alteration that not recover spontaneously. This disorder is mainly conceived within the fear conditioning model, where the fear conditioned response fails to extinguish. The current hypothesis on PTSD is a learned incapacity of top-down structures as Prefrontal Cortex in inhibition of an “hyper-reactive” Amygdala. 
The aim of this review is to consider all cerebral structures involved in PTSD and to suggest an alternative hypothesis on PTSD, in a bottom-up frame. Hyper-reactivity of Amygdala could be linked to Prefrontal deficits but also to the functioning of others cerebral structures as Cerebellum. In fact both Amygdala and Cerebellum are crucial sites in fear conditioning and extinction models. 
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Post-traumatic Stress Disorder (PTSD) occurs after exposure to life threatening episodes and is characterized by intense reliving of the traumatic event through disruptive memories and nightmares, avoidance of reminders of the event, hypervigilance toward potential threats in the environment, negative alterations in cognitions and mood, and in some cases persistent or recurrent depersonalization and derealization symptoms (American Psychiatric Association, 2013).
Therefore, the symptoms of PTSD seem to reflect a persistent, abnormal adaptation of neurobiological systems to the stress of the experienced trauma. 
Over the last two decades a great deal of research has been directed towards understanding the etiology, psychophysiology, clinical characteristics and treatments in PTSD field (Nemeroff et al., 2006). Neuroimaging research has opened up a new window to uncover the mechanisms behind PTSD (Francati, Vermetten, & Bremner, 2007; Hayes, Hayes, & Mikedis, 2012). However, some core psychological and neurobiological processes underlying PTSD have yet to be clarified (Liberzon & Sripada, 2008; Shin, Rauch, & Pitman, 2006).
Neurobiological systems that regulate stress responses include specific endocrine and neuro-transmitter pathways, as well as a network of brain regions known to regulate the fear response at both conscious and unconscious levels (Sherin & Nemeroff, 2011).
Over 25 years of psychophysiological research on PTSD have revealed the presence in this disorder of an abnormal emotional response to elements recalling the trauma, an exaggerated startle response, and an inability of extinction (Pole, 2007). 
One of the first and most replicated result was the increased response of the Autonomic Nervous System, in terms of increased heart rate and skin conductance, both toward sounds recalling the trauma (Keane et al., 1998) both towards internal mental images about the event (Pitman, Orr, Forgue, de Jong, & Claiborn, 1987). In addition, noradrenergic hyper-reactivity, along with altered function of the hypothalamic-pituitary adrenal (HPA) axis, was another reliable replicated findings in PTSD (Liberzon & Abelson, 2016; Pitman et al., 2012).

Moreover, numerous studies have investigated the anatomical and functional changes in specific areas of the brain associated with PTSD symptoms. 
Amygdala, medial prefrontal cortex (mPFC), and hippocampus are those brain regions that primarily appear to be pathologically involved in PTSD (Martin, Ressler, Binder, & Nemeroff, 2009; Shin et al., 2006; Wager, Lindquist, & Kaplan, 2007; Yehuda & LeDoux, 2007). 
Amygdala is centrally involved in the interpretation of the emotional valence of the incoming information and plays a pivotal role in the response mechanism to fear and to ambiguous and uncertain stimuli (Herry et al., 2007; Sander, Grafman, & Zalla, 2003). Several studies have found an increased amygdalar activation pattern in patients with PTSD compared to healthy controls (for review see (Francati et al., 2007; Patel, Spreng, Shin, & Girard, 2012). This hyperactivation is thought to account for the failure of the extinction to fearful stimuli, a common component of the clinical presentation of PTSD. 
mPFC is implicated in the processing of emotional materials generated internally and in the regulation of arousal. A common finding in PTSD studies is the hypoactivation and a decreased volume of the mPFC (Shin et al., 2006). This hypoactivation of the mPFC may contributes to a loss of top-down regulation of emotional systems (Nicholson et al., 2017; Patel et al., 2012). In other words, the diminished responsivity of the mPFC could be linked to a partial failure in the appropriate functional inhibition of the activity of the amygdala (Etkin & Wager, 2007). This dysregulation is thought to account for a number of problematic neurocognitive processes in PTSD, such as fear conditioning, fear extinction, cognitive–emotional interactions and emotional processing.
Hippocampus is a brain region that is crucial for contextual learning and spatial and episodic memory (Burgess et al., 2002). Evidence of decreased hippocampal volume and neuronal integrity as well as impaired hippocampal function are associated with explicit memory impairment and also with altered contextual processing (Liberzon & Abelson, 2016; Liberzon & Sripada, 2008). Moreover, the decrease in hippocampal functioning is associated with an increased activity of the parahippocampal gyrus, and the latter may be linked to flashbacks and intrusive thoughts, typical symptoms of PTSD (Francati et al., 2007).

Decades of neuroimaging studies also showed other regions that have been identified as involved in PTSD, such as insula, Broca’s area, restrosplenial cortex, and thalamus (Doruyter, Stein, & Warwick, 2014; Francati et al., 2007; Gilboa, 2015; Sartory et al., 2013). 
Insula is involved in processing of negative emotions and in the regulation of the autonomic nervous system. Several functional and structural studies have consistently shown the involvement of anterior or posterior insula, or both in PTSD pathophysiology (King et al., 2009; Liberzon, Britton, & Phan, 2003; Lindauer et al., 2008; Nardo et al., 2011; Osuch et al., 2001; Whalley, Rugg, Smith, Dolan, & Brewin, 2009). Posterior insula contains a center of interoception, and a hyperactivation of this part could be related to the activation of somatic representations of the traumatic experience (dissociated memories), which remain non-integrated and fail to reach the declarative memory. This interpretation is in line with a view of PTSD as a memory disorder characterized by the reliving of non-integrated traumatic memories (Van Der Kolk, Burbridge, & Suzuki, 1997).
Anterior insula is a center of emotional awareness, and an increased activity in anterior insula could be connected with the processing of fear or other negative emotional responses to symptom-provoking stimuli, suggesting the existence of a dysfunctional emotional regulation system (Etkin & Wager, 2007). 
Broca's area is designated to the creation of semantic representations of personal experiences, in order to translate into communicable language and cognitively restructure them. In patients with PTSD, Broca's area is partially deactivated, and this could explain patients' difficulty in describing and correctly position in their semantic memory their traumatic experience (Hull, 2002; Van Der Kolk et al., 1997). 
Retrosplenial cortex role for the establishment and maintenance of traumatic memory was recently pointed out (Sartory et al., 2013). This area could represent the neural basis of intrusive and re-experiencing symptoms, and of the feeling of re-living the traumatic event. In fact, patients with PTSD in comparison with control subjects show a significant activation of retrosplenial cortex and of precuneus in response to stimuli associated with the trauma. 
Another frequent finding in functional neuroimaging studies is the involvement of thalamus in patients with PTSD. Thalamus is reciprocally interconnected with several cortical and subcortical areas and it can be considered as a relay center for top-down and bottom-up information processing (Bergmann, 2008). Thalamus it is also involved in the transmission of external sensory information to different areas of the cerebral cortex and limbic system. Data from different neuroimaging studies have shown that patients with PTSD have a significant deactivation of the thalamus (Kim et al., 2007; Lanius et al., 2001; Lanius et al., 2004). This reduced thalamic activation is linked to impairments in the functional connectivity of several networks, leading to failures in somatosensory, cognitive, memory and hemispheric dynamic integration (Bergmann, 2008). Due to its functional nature, a disruption in thalamo-cortical connectivity could lead to the misinterpretation of external stimuli (Francati et al., 2007) and may be implicated in excessive fear recall, failure of expression and maintenance of extinction memory, and heightened traumatic remembrance which cause the characterized symptoms in PTSD (Yin et al., 2011). 

In accordance with this findings, recently Liberzon and Abelson (Liberzon & Abelson, 2016) proposed that a context processing deficit based on the dysfunction of a hippocampal-prefrontal-thalamic network is at the core of PTSD pathophysiology. Their model focuses on dysfunction within specific brain circuits governing the critical adaptive function of contextualization—involving hippocampus (Hpc) prefrontal cortex (PFC), thalamic circuits that modulate activity in amygdala, and other limbic and cortical regions, indicating that PTSD could be considered as a context pathology.

Our aim is trying to deepen this model, taking into consideration also the specific role of cerebellum and a bottom-up impaired regulation in this disorder.
Cerebellum is a neural structure responsible for motor control, voluntary movement, balance and associative learning. It is reciprocally interconnected to several parts of the brain such as brain stem, limbic areas, cerebral cortex, and the frontal lobes and it can be considered as an important associative area (Bergmann, 2008).
There is a growing awareness that the cerebellum plays a role in higher cognitive functions such as sensory processing , attention, verbal working memory and emotion (Bergmann, 2000; Schmahmann, 2010).
Recently, some studies have observed altered functioning of the left cerebellar hemisphere (Osuch et al., 2001) and vermis (Anderson, Teicher, Polcari, & Renshaw, 2002; Pissiota et al., 2002) in PTSD patients. Increased activation in the cerebellum was found in PTSD patients exposed to traumatic reminders (Driessen et al., 2004; Fernandez et al., 2001). Another study conducted on pediatric maltreatment-related PTSD subjects (Baldaçara et al., 2011) confirmed the results of previous study on children and adolescent with PTSD (Carrion et al., 2009; De Bellis & Kuchibhatla, 2006) and provided evidence that cerebellar volume is smaller in adult PTSD subjects than in trauma-exposed controls without PTSD. This volume reductions in the left hemisphere and vermis is associated with the magnitude of the PTSD symptoms. Moreover, the study found an association between these cerebellar reductions and early traumatic life experiences, posing the question of whether the changes are a consequence of abnormal neurodevelopmental adaptations in subjects that later develop PTSD.
Other two recent studies using Magnetic Resonance Imaging on rape victims and on soldiers respectively, reported a volumetric increase in the cerebellum (Sui et al., 2010; Sussman, Pang, Jetly, Dunkley, & Taylor, 2016).
The age at exposure to the traumatic event and age of onset of PTSD could account for the discrepancy shown between results of these studies. As underlined by Sussman and colleagues (Sussman et al., 2016), in childhood the cerebellum is undergoing a rapid developmental change, which could potentially lead to an impact on its neurobiological and developmental processes. Following these results, the role of the cerebellum in the pathophysiology of PTSD deserves and requires further investigation.

Moving beyond the model proposed by Liberzon and Abelson (Liberzon & Abelson, 2016) of contextual processing deficit in PTSD, it can be important to take into account some consideration about the role of cerebellum.
PTSD has been theorized for years as a pathology linked to fear conditioning, in fact for many years psychologists have speculated that a pathological anxiety condition may reflect an inability to extinguish the fear response conditioning.
Davis and colleagues (Davis, Walker, Miles, & Grillon, 2010) have pointed out that it is more appropriate to conceive PTSD as a results of a conditioning of fear to the context rather than to a specific stimulus, since according to this model the "sustained fear” perceived by patients becomes more understandable and the state of uncertainty in which they are on the recurrence of memories or situations that reactivate even just some of the features of the context in which it occurred the trauma, even in the absence of the specific stimulus that caused it.
Maren and colleagues (Maren, Phan, & Liberzon, 2013) proposed the term "contextual brain" referring to PTSD and fear conditioning. According to these authors the context would be the set of circumstances around an event. Differently to the discrete stimuli, contexts are typically multi-sensory, widespread and continuously present.
Therefore, according to these authors, PTSD may represent a consequence of failure to extinguish the fear response to the context, or rather an inappropriate perception of the current environment in favor of a past where the trauma occurred. This hypothesis is also supported by a study (Milad et al., 2009) which considered PTSD patients and controls highlighting a substantial incapacity of the PTSD group to extinguish fear conditioning. The analysis of neuroimaging showed an underactivation of the ventromedial prefrontal cortex and an abnormal hippocampal activity, confirming that PTSD inhibits the ability to recognize a new context as safe. If adaptive flexibility to recognize the contexts is altered, symptoms tend to persist. Hippocampus fail in its duty to interpreting a correct way the environmental signals that can communicate a feeling of security, and ventromedial cortex fail in the extinction of fear conditioned signal (Pitman et al., 2012).
Cerebellum appears to be involved in both the conditioning (to the stimulus or to the context) and the extinction processes (Kim & Jung, 2006; Sacchetti, Scelfo, & Strata, 2005).
As regards fear conditioning in rodents a study (Sacchetti, Sacco, & Strata, 2007) has shown that the cerebellum, as well as the amygdala, influences long-term fear memories. By inhibiting selectively cerebellum or amygdala in aversive conditioning paradigm, researchers have demonstrate that, also in absence of a crucial area for emotions as amygdala, cerebellum can learn fear conditioned response. In other words cerebellum as well as amygdala are fundamentals areas in fear conditioning. 

 Thanks to its extensive connectivity (spine, brainstem, hypothalamus, amygdala, hippocampus, associative areas) cerebellum could participate in the association of sensory stimuli, deriving their emotional meaning and giving a motor response (Timmann et al., 2010). In addition, cerebellum could provide a comprehensive contribution to the different types of associations involved in fear conditioning, such as the conditioning to the stimulus or context, the association of responses from the musculoskeletal system or visceral fear and possibly the gradual extinction of the response.
The connection of cerebellum with limbic regions seems to be of particular importance in the structuring of a conditioned response to fear. Connections between cerebellum and limbic areas (typically comprising front thalamic nuclei, hypothalamus, cingulate cortex and hippocampus) are mainly mediated by two structures: the interposito and dentate nucleus, and the pons (Blatt, Oblak, & Schmahmann, 2013). However, the connection with hypothalamus is more direct and bidirectional, allowing to integrate somatic and visceral responses (Zhu, Yung, Kwok-Chong Chow, Chan, & Wang, 2006). These connections, documented anatomically from Haines and collaborators (Haines, Dietrichs, Mihailoff, & McDonald, 1997) have a role in the regulation of nutrition, cardiovascular system, respiratory system, urination, emotions and immune system. For this reason, Zhu and colleagues (Zhu et al., 2006) have suggested that the cerebellum-hypothalamic circuit could be an essential modulator and coordinator regulating visceral and behavioral responses.
Concerning PTSD, the cerebellum may play a primary role in the maintenance of the learned response to stimuli in relation connected to the traumatic event, undermining the individual's implicit trust in himself and in the environment. This overreaction would fail to extinguish perhaps for the velocity of the implicit associative response and the delay in the cognitive evaluation of the reaction. In other words, there is an early activation of cerebellum in order to ensure survival and a late activation of prefrontal areas (Teshe et al., 2007).
Furthermore, the role of cerebellum in episodic memories was highlighted by a Positron Emission Tomography study (Andreasen, 1999). During the silent recall of a conscious memory, an activation of the right hemisphere of cerebellum, of left medial thalamus, left orbitofrontal cortex, anterior cingulate and left parietal areas were observed. These activations seems to confirm a cognitive role of the cerebellum, which could participate in a cortico-cerebellar interactive network that starts and monitors the conscious recall of episodic memories.
Ito (Ito, 2008) extended the concept of cerebellar learning by presenting an hypothesis about the role of the cerebellum in the control of mental processes which could also explain the results of Andreasen (Andreasen, 1999). The author suggests a comprehensive model of mental activity in which considers the prefrontal cortex as a sort of master or initiator of the processes of manipulation of mental representations, in its problem solving and motivational/ affective cognitive functions (Happaney, Zelazo, & Stuss, 2004). The mental model is manipulated by the temporo-parietal region, that is an area already known in the literature to be involved in the long-term storage of visual images that would be called up under the control of the prefrontal cortex (Hasegawa, Fukushima, Ihara, & Miyashita, 1998). The cerebellum would be involved as it represents a "machine learning unit" that is, a structure formed by micro complex able to learn the internal models for a specific function (Ito, 2008).

The role of cerebellum in modulating our emotional experience is a fairly recent acquisition of
neuroscience, but the field of research in PTSD has found mainly functional changes in amygdala and prefrontal cortex. Cerebellar extensive connectivity, its involvement in fear conditioning, and some studies about its role in PTSD bring to light a putative involvement of this area in etiology and maintaining of the disorder.
Further investigations are indispensable in order to reliably understand the role of this structure in the pathophysiology of PTSD. 
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